Detailed Methodology
extraction. The final fraction was extracted using toluene (70% cell volume, 30s) at 150 °C (with 10 min heating time). The first and the second fractions were collected together and concentrated to 1.15 mL prior to analysis using a Büchi Syncore® Analyst (Oldham, UK). Samples were stored in 2.5ml GC vials at -80C. 150 μl of the internal standard solution (Phenanthrene-d10) at 2000μg/ml were added to the sample vials prior to analysis.
GC-MS analysis of soil extracts
Fourteen PAHs (Naphthalene, Acenaphthylene, Fluorene, Phenanthrene, Anthracene, Fluoranthene, Pyrene, Benzo(a)anthracene, Benzo(b)fluoranthene, Benzo(k)fluoranthene,Benzo(a)pyrene, Indeno(1,2,3-cd)pyrene, Dibenzo(a,h)anthracene, Benzo(g,h,i)perylene) along with the surrogates were quantified in the samples by gas chromatography coupled with mass spectrometry (GC-MS) using a Thermo Trace GC coupled with a DSQII mass spectrometer. The gas chromatograph was fitted with a 30 m Zebon SemiVolatiles capillary column (0.25 mm ID, 0.25 μm film thickness) supplied by Phenomenex. The helium flow was kept constant at 1.4 mL/min. The initial oven temperature was set to 50 °C and held for 2 minutes before the temperature was ramped at 5 °C/min to 295 °C and then 15 o C/min to 325 °C , with a final temperature hold time of 3 minutes. The split/splitless injector was used in splitless mode and its temperature was set at 280 °C . One microlitre of sample was injected using a Triplus (Thermo Scientific) autosampler.
Quantification was carried out in TIC or SIM mode depending on the concentrations.
GCxGC-TOFMS analysis of soil extracts
All GCxGC TOFMS analyses were performed using a LECO (St. Joseph, Michigan) time of flight mass spectrometer, model Pegasus 4D, connected to an Agilent 7890A gas chromatograph equipped with a LECO thermal modulator. The TOF ion source was fixed at 230 °C with a detector voltage of 1650 V, applied electron ionization voltage of -70 eV and a scan rate of 200 spectra/second between mass 45 and 500u.
The solvent delay was 392s. All extracts were analyzed with the primary oven temperature programmed at 10 °C/min from 60 °C (2 min isotherm) to 120 °C, 3 °C/min to 310 °C (10 min isotherm). The secondary oven and modulator temperatures were maintained at a 20 °C offset relative to the primary oven. The modulation period was 6 s with a 1.3 s hot pulse time. Helium was used as the carrier gas, with a flow rate of 1.0 mL/min. The split/splitless injector was used in splitless mode and its temperature was set at 250 o C.
An MPS2 twister autosampler (Gerstel, GmbH & Co., Germany) was used to inject 1 μL of sample per run.
Data was processed in the LECO ChromaTOF software (Version 4.71.0.0). Baseline correction was carried out with an offset of 1 and auto smoothing. The peak finding parameters were: peak widths of 4s and 0.2s in the first and second dimension respectively, a minimum signal over noise ratio of 50 and a minimum match of 800 to combine peaks. The integration approach chosen was traditional. A classification method was employed to filter out the peaks from solvent and column bleed. Peak areas were integrated for TIC values and a maximum of 2000 peaks was set. The resulting peak tables including the top library match name, the two retention times, the quantification mass and the peak true spectrum (relative abundance to base ion between 0u and 500u) were exported as csv files for further processing.
To align peaks the R code R2DGC 11 was used. The exported csv files were first preprocessed with the PrecompressFiles function, to merge split peaks. Alignment was carried out twice using the ConsensusAlign function with the following parameters:
the seed sample was chosen as the CH samples with the most peaks in its peak table, autoTuneMatchStringency was set to TRUE, similarityCutoff to 80, missingPeakFinderSimilarityLax to 0.70 and missingValueLimit to 0.1 and then 1.
Alignment using two seed samples, one from COV and one from CH, was attempted but was not successful. Similarly, R2DGC offers the possibility to use retention index calculated by using compounds present in all samples but when attempted the results were less successful than without references. One output of ConsensusAlign is an alignment table (samples x compounds) that was used further for the statistical analysis.
Transition metal analysis
Soil samples were air dried in a fume hood for 72 h, after which they were disaggregated with pestle and mortar and returned to dry in the fume hood for an additional 72 h. Once dry, samples were sieved to obtain the fraction below 2 mm. A sub-portion of approximately 5 g of each sample was placed in the muffle furnace at loss on ignition (LOI). A sub-portion of ~ 1g was then digested with aqua regia (10 ml of aqua regia 1: 
16S metataxogenomic sequencing library preparation of soil microbiome
Genomic DNA was extracted from soil samples (0.25 g fresh weight) using the MP FastDNA® SPIN kit for Soil (MP Biomedicals, Inc., USA) according to the manufacturer's protocol. Extracted DNA was quantified using the Broad-Range Qubit Assay (LifeTechnologies) and stored at -20C until further use.
16S libraries encompassing the V3 and V4 regions were generated by Glasgow
Polyomics. In brief, the V3 and V4 regions of bacterial 16S were amplified using Kapa HiFi Hotstart readymix (2x) (Kapa Biosystems, Wilmington, MA, USA) with the addition of primers specific for the V3 and V4 regions of 16S (based on the standard Illumina 16S primers), which contain an overlap sequence making the primers compatible with the Nextera XT indexing reagents (Illumina, San Diego, CA, USA). Samples were then amplified using a 5 min 95 °C hotstart followed by 26 cycles of 95 °C for 30 s and 60 °C for 1 minute with a final elongation step of 60 °C for 5 min.
The resulting amplicons were purified using bead extraction (SPRI select beads, Beckman Coulter, Brea, CA, USA), using 0.9x beads followed by 80% ethanol washes and resuspension in 20μL of 10mM Tris buffer. The amplicons were quantified using the High Sensitivity DNA Qubit system and profiles were obtained from an Agilent 2100 Bioanalyser using High Sensitivity DNA reagents (Agilent, Santa Clara, CA, USA).
Samples were then standardized to 10ng per reaction and amplified in the presence of Nextera XT v2 indexes using Kapa Hifi Hotstart readymix (2x) for 8 cycles. The resulting indexed libraries were then purified as before using SPRI select beads and quantified using the Qubit system. Final library profiles were obtained from the Agilent 2100 Bioanalyser.
The libraries were combined in equimolar ratios and sequenced on a MiSeq (Illumina, San Diego, CA, USA) instrument using a paired end, 2x300bp, sequencing run.
Samples were sequenced with an average of 50,000 reads per sample.
Possible contamination of reagents was controlled by running a negative control (purified water instead of a DNA sample) through the whole analysis in conjunction with the samples.
Bioinformatics
We used VSEARCH v2.3.4 (steps documented in http://github.com/torognes/vsearch/wiki/VSEARCH-pipeline) to generate the abundance table by constructing operational taxonomic units (OTUs), a proxy for species. Prior to using VSEARCH, the paired-end reads were preprocessed. Briefly, the paired-end reads were trimmed and filtered using Sickle v1.200 13 by using a sliding window approach and trimming the reads where the average base quality drops below 20. Only the reads that were above 10 bp length were kept after trimming. Next, BayesHammer 14 was used from the Spades v2.5.0 assembler, which error-corrected the paired-end reads. Following this, pandaseqv(2.4) 15 was used to assemble the forward and reverse reads into a single sequence spanning the entire V4
region with a minimum overlap of 10 bp. The preprocessed reads (overlapped) from each sample were pooled together while barcodes were added to keep track of which sample the read originated from. The reads were then dereplicated, sorted in order of decreasing abundance and singletons were discarded. Next, the reads were clustered based on 97% similarity followed by a removal of clusters which had chimeric models built from more abundant reads (--uchime_denovo option in vsearch). To remove any chimeras that may have been missed, particularly in the case that they had parents that were absent from the reads or were present in very low abundance, a reference-based chimera filtering step (--uchime_ref option in vsearch) using a gold database (https://www.mothur.org/w/images/f/f1/Silva.gold.bacteria.zip) was applied.
Finally, the OTU 
